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Introduction
Cardiovascular (CV) diseases are still the leading cause of death 

and also an important cause of physical incapacity and disability, 
significantly increasing health costs. In addition, numbers of 
people living longer with symptomatic coronary heart disease (CHD) 
are rising. CHD is estimated affect 7% of the population, with 8,3% 
of men and 6,1% of women. Each year about 785000 Americans will 
suffer a new myocardial infarction (MI) and nearly 470000 will have 
a recurrent one. Accessibility of health services for people with CHD 
preventing secondary events, remain an important issue nowadays.1–5 

Cardiac rehabilitation (CR) programs are recognized as important 
part of secondary prevention care of CHD patients, including benefits 
in CV mortality and morbidity, adherence to preventive therapies 
and risk factor control, psychological and physiological benefits of 
exercise training and improvement in quality of life (QOL). It has 
been given a Class I recommendation, from the American Heart 
Association, the American College of Cardiology the European 
Society of Cardiology and the Brazilian Society of Cardiology, with 
exercise therapy consistently identified as a central element.1–4,6 

Although the first meta-analysis and systematic reviews of 
randomized control trials (RCT) showed a 25% to 40% reduction in 
all-cause and cardiovascular mortality, those studies were published 
nearly 30 years ago.7,8 With advances in CHD medical treatment in 
the past two decades, the possible benefits of mortality reduction, 
from exercise-based CR compared to usual care alone, were deemed 
as attenuated and possibly null by those new therapies, generating 
doubts about the role of CR.9 This review sought to evaluate aspects 
of CR regarding general CHD patients and its different scenarios 
and subgroups, evaluating the actual impact of CR for secondary 
prevention in clinical practice.

Coronary heart disease
Almost 30 years ago, the first systematic reviews of RCTs showed 

comprehensive benefit of CR for secondary prevention in clinical 
practice, in a time with small trials and only one trial showing benefit 
in isolation. Oldridge et al.7 carried out a meta-analysis of RCTs 
that included 4,347 patients, with 2,202 patients in the CR group. 

In that analysis a reduction of 24% in all-cause death (Odds Ratio 
[OR]:0.76;95% Confidence Interval [CI]:0.63-0.92) and 25% in 
cardiac death (OR:0.75;95% CI:0.62-0.93) was found. A year later 
O’Connor et al.8 published an analysis of 22 RCTs, with 4,554 patients 
including 2,310 participating in CR programs. After an average of 3 
years follow-up, a reduction in all-cause mortality and CV mortality of 
20% (OR:0.80;95% CI:0.66-0.96) and 22% (OR:0.78;95% CI:0.63-
0.96) respectively, was found, with greater benefits in the first year 
including reduction in sudden cardiac death. 

The RAMIT trial10 (Rehabilitation after myocardial infarction 
trial: multi-centre randomized controlled trial of comprehensive 
cardiac rehabilitation in patients following acute myocardial 
infarction), evaluated 1813 post-MI patients in England and Wales, 
found no difference in all-cause mortality at 2 years (Relative Risk 
[RR]:0.98;95% CI:0.74-1.30) and after a extended follow-up of 7-9 
years (RR:0.99;95% CI:0.85-1.15). It is noteworthy that this study 
reached lower than estimated total number of patients with exclusions 
of over 30% of the evaluated sample and was therefore underpowered 
to show any end-point differences alone. Recently a meta-analysis 
of 63 studies, that included the RAMIT trial with 14.486 patients, 
included old and recent trials. With a median follow-up of 12 months, 
no difference in all-cause mortality was found (RR:0.96;95% CI:0.88- 
1.04), but reductions in CV mortality (RR:0.74;95% CI:0.64-0.86) and 
risk of hospital admission (RR:0.82;95% CI:0.70-0.96) were present 
when they compared CR patients to the control group. The lack of 
benefit in mortality may be explained by a more mixed population 
in recent studies, including possibly very low risk populations like 
patients with only angina and non-obstructive CHD as defined by 
angiography and because they were conducted in the era of optimal 
medical therapy and newer techniques of revascularization for CHD 
although the reduction in CV mortality was maintained. The authors 
concluded that with these benefits and improvement in quality of life, 
recommendations of CR in patients with established CHD should be 
maintained.9 Unanimously neither of those systematic reviews found 
difference in MI and need for new revascularization in patients that 
underwent CR compared to those who did not.7–9 Figure 1 resumes the 
overall evidence-based benefits found in CHD patients who undergo 
CR generally and in specific scenarios.
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Abstract

Cardiovascular diseases are the leading cause of death and an important cause of 
morbidity. Cardiac rehabilitation is a major part of secondary prevention for patients 
with coronary heart disease with several benefits across its spectrum, including 
reductions in mortality, cardiac events and improvement in quality of life, among 
patients after myocardial infarction percutaneous coronary intervention and coronary 
artery bypass graft. This review sought to present several evidence-based benefits of 
cardiac rehabilitation in the coronary heart disease scenarios of secondary prevention.
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Figure 1 Different end-points influenced by cardiac rehabilitation in coronary 
heart disease.

Note: CHD, coronary heart disease; PCI, percutaneous coronary intervention; 
CABG, coronary artery bypass graft

*Includes post-myocardial infarction patients its benefits in mortality seems 
to exist and be of significance depending in the chosen population. ᴓ: No 
apparently benefit; ?: Not sufficient evidence to support benefit position; ↓: 
Benefit proved with small body of evidence; ↓↓ or ↑↑: Benefit proved with 
strong body of evidence

It is important to know that dose of CR was not accounted in those 
analysis. Pio et al.11 found that CR dose may play an important role 
regarding its benefits. In a meta-analysis they found that moderate 
dose (12-35CRsessions) and higher dose (≥36CR sessions) had a 
reduction in all-cause mortality of 42% to 44%(p<0.001) as compared 
to a control group and a low dose CR(<12CR sessions). They also 
found that higher dose may be associated with fewer percutaneous 
coronary interventions (PCI) (RR:0.65;95% CI:0.50-0.84). Thus it is 
important not only to select a higher risk patient but also to maintain 
that patient in a CR program, with an adequate time of exercise, to see 
the potential benefits of CR.

Percutaneous coronary intervention
Despite CR benefits being demonstrated in post-MI patients, less 

is known of CR benefits after PCI, but the trending seems to be the 
same. The ETICA trial12 (Exercise training intervention after coronary 
angioplasty) who evaluated 118 patients, half in an exercise training 
group, found improvements in QOL and functional capacity in the 
exercise training group, with a reduction in cardiac events, accounting 
for MI and new revascularization (11.9versus 32.2%; RR:0.71;95% 
CI:0.60-0.91;p=0.008), and also a reduction in hospital admission 
(18.6 versus 46%; RR:0.69;95% CI:0.55-0.93;p<0.001) with 
moderate training. 

Goel et al.13 performed a retrospective analysis of data from a 
prospectively collected registry of 2395 patients who realized PCI 
from1994 to 2008 in the United States, where 40% (964) engaged CR. 
Within a median follow-up of 6.3 years, and using different statistical 
analysis methods, a reduction in all-cause mortality of 45% to 47% 
was found (p<0,001) in those patients that performed CR. compared 
with those who did not engage CR. The CR patients also experienced 

a reduction in CV mortality up to 39% but that didn´t meet statistical 
significance. There was no difference regarding the occurrence 
of myocardial infarction or the need to repeat revascularization. 
In this study the number necessary to treat (NNT) to prevent one 
death was 34 in the first year and 22 after 5 years. Another study, 
with a expanded analysis and a median follow-up of 8 years, found 
that CR was still associated with reduction in all-cause mortality 
(Hazard Ratio(HR):0.67; 95% CI:0.55-0.82;p<0.001) and in CV 
mortality(HR:0.67;95% CI;0.47-0.95;p=0.024) on direct and match-
pair analysis. The benefits on all-cause mortality were maintained 
in the higher CHD risk diabetic patients (HR:0.56;95% CI:0.39-
0.80;p=0.002) of that study.14

Coronary artery bypass graft
In a community-based analysis from 1996 to 2007, Pack et al.15 

evaluated the association between CR attendance and all-cause 
mortality adjusted for the propensity to attend CR. In 846 patients, 
76% men with mean age of 66 years, who survived the first six months 
of surgery, 582(69%) attended CR. During a mean follow-up of 9 
years, CR participation was associated with a risk reduction in all-
cause mortality of 46% (HR=0.54;95% CI:0.40-0.74;p<0.001) and a 
absolute risk reduction of 12,7% for all-cause mortality, with a NNT 
to prevent one death of 8. 

Smaller studies have also shown some benefits of CR in patients 
after CABG. In four months follow-up, Aronov et al.16 found 
improvement of 32.6% in exercise duration compared to baseline in 
CR patients and after one year, there was a reduction in CV adverse 
events (11.1% versus 39.2%) when compared to the control group. 
Hedbäck et al.17 found a 54% reduction in all-cause mortality but 
this did not meet statistical significance (p=0.06), likely because of 
the small sample size, even with nearly ten years follow-up, but they 
found a reduction in CV adverse events a combined of CV death, MI 
and revascularization (18.4% versus 34.7%; p<0.01), and also showed 
a reduction in hospital admissions (p<0.01). Another study with 149 
patients in the CR group and 89 in the control group found a reduction 
in CV events after a two years follow-up (4.7% vs. 14.0%, P<0.05).18 
There are no RCTs that have specifically tested CR in CABG, with 
an expressive number of patients, and despite those results being 
promising, those small studies are only hypothesis generators and 
no definitive conclusions can be draw regarding CV mortality and 
morbidity in the CABG subgroup (Figure 1). 

Diebetes mellitus
Studies that evaluated exercise capacity by peak oxygen uptake, 

peak workload, heart rate, exercise duration, anaerobic threshold and 
metabolic equivalent tasks (METs) showed worst results in patients 
with diabetes mellitus (DM) leading to a lower improvement in 
exercise capacity, potentially diminishing the benefit of CR on that 
population.19–21 Metabolic and myopathic limitations associated with 
hyperglycemia are suggested as possible mechanisms for a lower 
improvement of exercise capacity.21 

Recently Armstrong et al.22 evaluated a cohort of 13,158 patients 
with and without DM. Over a mean follow-up of 6.6 years, those 
who completed the program had a reduction in all-cause mortality 
(HR:0.46;95% CI:0.37-0.56) and hospital admissions (HR:0.86;95% 
CI:0.76-0.96), similar to outcomes of those without DM. A study 
with 700 post PCI patients with DM14 found after a propensity 
match analysis, that CR was associated with reduction in all-cause 
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mortality and in the composite end-point of mortality, MI and need 
for revascularization. Patients with DM were also less likely to 
participated in CR (38% versus 45%;p=0.004)14 and to complete a 
CR program (41% versus 56%;p<0.001)22 than those without DM. 
Those data support that despite a lower exercise capacity achieved in 
patients with DM after CR, the clinical benefit is maintained in this 
subgroup and a great effort of engaging those patients in CR programs 
need to be made.

Older age
In a Medicare beneficiary’s analysis of 601,099 patients, who 

were>65 years old, 12.2% were in CR programs. A match-pair 
analysis was performed and for 70,040 patients a match was found. In 
those, cumulative mortality was lower in the CR group as compared to 
the control group, with mortality rates of 2.2% versus 5.3% in the first 
year and 16.3% versus 24.6% at 5 years (p<0.001). Those numbers 
indicate a relative reduction in mortality of 58% and 34% in the first 
and fifth year respectively. The reduction was greater as older the 
patients were in those with higher dose of exercise, in women and in 
patients with more comorbidities such as previous MI and coexisting 
heart failure.23 This suggests that the benefits and safety of CR, are the 
same in older as in younger patients and age should not be an issue for 
CR participation. Despite that most studies exclude older patients and 
a study found that CR engagement decreases by 1.2% per additional 
year of patient age.8,24

Quality of life
QOL, as assessed by validated questionnaires, generally shows 

improvement through trials comparing CR and a control group, 
including home-based, computer-based or traditional programs, also 
with benefits in anxiety and depression scales.12,25–28 In a recent post-
CABG study, Dabek et al.28 showed a improvement of more than 50% 
in anxiety scales and symptoms such as dyspnea and chest pain in the 
CR group compared to a control group, with improvement in QOL 
(p<0.01). In that study 66% of the patients though that participating 
in CR program helped then recover faster from surgery. The ETICA 
Trial.12 (Exercise training intervention after coronary angioplasty) 
showed improvement in two QOF questionnaires in follow-up of six 
and twelve months with higher improve in patients who increased>1 
MET in functional capacity. Anderson et al.9 reported in their meta-
analysis of 63 RCTs, a better QOL in the group of CR in comparison 
to the control group, through different scenarios of CHD, including 
post-MI and post-revascularization patients. 

Participation in CR programs
Even after the first studies and analysis showed the potential 

benefits of CR, several challenges remained in implementation of CR 
programs and patient adherence to those. It´s being consistent through 
all studies, older or recent, that only about one third of patients are 
referred and engage on a CR program for secondary prevention in 
the following months of an event, with that percentage being even 
lower in emerging countries.4,7–9 Even when as low as one outpatient 
CR session was needed for the patient to be considered part of the 
program Goel et al.6 found that only 964 of 2,395(40%) did perform 
CR. Several factors are associated with low initiation and adherence 
to the programs, including socio-demographic factors, such as age, 
sex and ethnicity, patient medical condition and risk factors, including 
total number of comorbidities and service level factors can influence 
patient engagement.24

Regarding the RCTs itself, several of them are of small inclusion, 
recruitment of low-risk, middle-aged patients, with great variability in 
type of exercise and orientations, and involving mostly only men or a 
small number of women.7–10 therefore being their findings generalized 
to a broader population, leading to mistrust in their benefits and 
reproducibility by other physicians and services, when applied to 
their daily practice. Specifically in women, where the benefits are 
consistently the same as in men they remain of low representative 
in most studies, with only 15% to 25%, presenting themselves with 
more risk factors and probably more severe CHD9,24,29,30 One study 
found that the probability of women engaging in CR program was 
7.1% lower than men.24 

In a study with 3,871 patient, where 1,497 39%) engaged CR 
program and 1,193 completed it, the chance of completing CR 
program after primary PCI for acute MI was evaluated. Sunamura et 
al.29 found that elderly, female and low socioeconomic status patients 
were at increased risk of non-participation and non-completion of CR. 
They also found that patients with diabetes, current smokers and with 
history of prior MI were at risk of not completing the program. DM 
patients, despite the higher CHD risk, are also known to participate 
less in CR programs than patients without DM.14,22 Cultural and social 
believes, work conditions and house management while the patient 
is attending the program are associated with non-enrollment in CR 
programs. Factors regarding the programs itself such as enrollment 
burocracy, program viability in non-urban and low-income areas 
and programs that are mainly of one gender attendance or without 
a professional with knowledge of CHD, are also associated with the 
patient not being referred or enrolled in CR programs.2,31–33 Table 1 
summarizes several factors associated with referring and engaging 
in CR programs. It´s very important to know those limitations try to 
adapt and encourage patients to engage and stay in those programs. 

Table 1 Factors associated with limited referral and engagement in CR 
programs

Patient and social factors

Female sex

Older Age

Limited health care insurance

Low socioeconomic status

Cultural believes

Limited social support

Home and work responsibilities

Medical factors

Multiple comorbidities

Diabetes mellitus

Depression

Musculoskeletal conditions

Healthcare system factors

Lack of referral and limited enrollment facilitation

Program availability and characteristics

Patient-provider relationship
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Strategies to facilitate enrollment in CR programs include 
referring at hospital discharge plan, active follow up after a cardiac 
event and providing transportation and social assistance when 
required.24,31 There is also evidence suggesting that participation 
in traditional CR program can be increased by as much as 18% to 
30% with the use of multifaceted patient-targeted strategies, hence 
motivational communications delivered through letters, telephone 
calls, and home visits.34 Furthermore a Cochrane systematic review 
of data from 12 randomized controlled trials, with 1938 participants, 
in 6 different countries evaluated the effectiveness of home-based CR 
with supervised center-based CR, showing no difference in events 
after short term (12 months) and long term (24 months) follow-ups. 
Although acknowledging that further studies are needed the authors 
concluded that this is a viable option for patient personal preference 
and may affect favorably participation rates in CR programs.35 

Cost-effectiveness 
There are some controversies about how CR programs affect 

health care costs. Because of the bias of each countries health system, 
it is hard to generalize results to all, but CR programs usually have no 
effect or reduce total costs, with some studies showing that CR can be 
even cost saving, because it not only decreases costs but also increases 
survival. Ades et al.36 analyzed the cost/benefit ratio of 21 months of 
CR, and found savings of USD 739 and Oldrige et al.37 evidenced 
savings of USD 9,200, over a period of 12 months in comparison with 
the control group. 

Although two studies showed no difference in total health care 
costs between CR and control groups.38,39 when analyzed the cost-
effectiveness quality-adjusted life-year, one of them had an additional 
U.S. $42,53538 and the other a reduction of U.S. $65039 for CR 
compared to a control group. Aditional costs may be affected by 
local bias considering that a reduction in cardiovascular mortality and 
improving quality of life may positively impact on it.

Conclusion
This review supports the use of CR for secondary prevention, in 

patients with CHD and in its different scenarios, as a Class I indication, 
although acknowledging that data from RCTs involving a greater 
number and higher risk patients would be important to consolidate it 
even more. Future perspectives should also focus in patient selection, 
inclusion and adherence to CR in order to increase the number of 
benefited from the programs.
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